The self-consistent electron densities and the corresponding positron states are calculated for several metals and semiconductors in the local-density approximation of the density-functional formalism. The calculations are performed with the linear-muffin-tin-orbital band-structure method. 
I. INTRODUCTION
The slow-positron-beam technique is a new powerful tool for studying solid surfaces and defect profiles as a function of the distance from the surface. ' Positrons with a desired kinetic energy within a small energy spread are generated using a moderator crystal and subsequent acceleration in an electromagnetic field. In the sample, the first stage of the positron-solid interaction, slowing down and thermalization, results in a certain implantation profile. Thereafter positrons diffuse thermally in the solid and some of them are trapped by lattice defects. The essential point with respect to the slowpositron-beam experiments is that a large fraction of positrons can diffuse back to the surface and be emitted into the vacuum either as free positrons or (after picking up an electron from the surface) as positronium atoms.
The trapping of positrons by the image potential at the surface is also possible.
The positron slowing-down process and the ensuing implantation profile can be well understood on the basis of the Monte Carlo simulations.
For the positron annihilation characteristics, i.e. , the positron lifetime in delocalized or localized (trapped) states and for the momentum distribution of the annihilating positronelectron pair, there exist reliable and practical calculation methods, which have proven their power in the interpretation of experimental findings. On the other hand, accurate calculations of positron trapping rates to crystal defects from the golden-rule formula are so far available for simple metals only.
The purpose of this paper is to enlighten positron diffusion and surface emission. We calculate the positron band structure, in particular the bottom of the lowest-energy band, parallel with the self-consistent electron structure. The positron and electron energy levels in perfect bulk crystal directly give the positronium work function and, if the surface dipole potential is known, also the positron work function. Moreover, the volume dependence of these levels (the deformation potential) can be used to estimate the positron-phonon coupling strength and thereby the positron diffusion constant.
The basis of the present calculations is the densityfunctional theory in the local-density approximation (LDA) for exchange and correlation eff'ects The practical numerical solution of the above problem has been performed in this work using the LMTO-ASA method. ' '" In V+(r) = -P(r)+ V""(n(r) ), For metals, the correlation potential V""calculated'
for a positron in a homogeneous electron gas is used, whereas in the case of semiconductors the potential is constructed as '(c"~c"~2c44) . (10) This form is strictly valid for the (110) direction, but the variation corresponding to different directions is rather small, such that the uncertainty connected with Eq. (10) is much less than the uncertainty, e.g. , due to m* in calculating the diffusion constant. The effective positron mass m contains the contributions due to the periodic lattice (band effective mass mb*) and due to the screening electron cloud (correlation effective mass m,*", In the former case thermalized positrons are held far from the surface by the potential barrier due to the Cu coverage. 
